Three pairs of diastereomers of Schiff base bis(N-2-hydroxy-1-isopropyl-3,5-dibromosalicydenaminato)nickel(II), copper(II), and zinc(II) complexes and their organic/inorganic hybrid materials with azobenzene (AZ) in PMMA cast thin films have been investigated by means of polarized electronic and IR spectra and CD (circular dichroism) spectra. Due to Weigert effect for AZ, not only AZ but also metal complexes dispersed separately increased optical anisotropy after linearly polarized UV light irradiation, while supramolecular chirality after circularly polarized UV light irradiation. Besides control results by non-polarized light, optical anisotropy and supramolecular chirality were confirmed by polarized spectra (overlapped π-π* and n-π* bands and d-d bands for electronic or C=N bands for IR) and CD spectra, respectively. Degree of induced optical anisotropy mainly depends on flexibility of central metal ions (less depends on diastereomers about ligands), while degree of induced supramolecular chirality mainly depends on chilarity of ligands. In other words, optical active complexes are easy to form chiral supramolecular arrangement after circularly polarized UV light irradiation.
Introduction
Systematically we have investigated on preparation organic/inorganic hybrid materials in polymer matrix (combination of azo-dyes and metal complexes) and control as well as detection of photo-induced molecular arrangement [1] [2] [3] [4] [5] [6] focused on dipole-dipole interactions, various photofunctions of azo-dyes [7] [8] [9] , structures of Schiff base complexes [10] [11] . A well-known phenomenon to enhance optical anisotropy of azo-dyes by linearly polarized UV light, namely Weigert effect, may be a quite useful reason of not only basic methodology but also application of these researches of soft-matters or organic/inorganic hybrid materials.
To measure molecular orientation [12] [13] [14] or supramolecular chirality [15] [16] [17] , there are some problems about spectroscopy, namely artifact CD peaks in the solid state [18] [19] [20] [21] . In previous paper [22] , we have attempted to discuss its effect in view of viscosity of soft-matter matrix and separate real CD peaks. In this way, technical preparation for supramolecular (helical) molecular orientation induced by circularly polarized UV light has been established. Besides Weigert effect for linearly polarized light, supramolecular chirality after circularly polarized UV light irradiation should be expected in analogy with liquid crystals [23] [24] [25] .
Herein, we have investigated three pairs of diastereomers of Schiff base bis(N-2-hydroxy-1-isopropyl-3,5-dibromosalicydenaminato)nickel(II), copper(II), and zinc(II) complexes (optically active ones are abbreviated as Ni, Cu, Zn, respectively, while meso ones are abbreviated as Ni', Cu', Zn', respectively) and their organic/inorganic hybrid materials with azobenzene (AZ) in PMMA cast thin films (Scheme 1). The main question in this present study is correlation between molecular factors (flexibility [2] or chirality [26] ) of metal complexes and polarization (non-polarized, linearly-polarized, or circularly-polarized) of light in the supramolecular interactions. 
Experimental Sections

General procedures.
Chemicals of the highest commercial grade available (solvents are from Kanto Chemical, organic compounds are from Tokyo Chemical Industry and metal sources from Wako) were used as received without further purification. Chiral (optically active; Ni, Cu, and Zn) and achiral (meso; Ni', Cu', and Zn') Schiff base Ni(II), Cu(II), and Zn(II) complexes, respectively, served for hybrid materials were prepared. 
Preparation of optically active bis(N-2-hydroxy-1-isopropyl-3,5-dibromosalicydenaminato) nickel(II) (Ni
Preparation of meso bis(N-2-hydroxy-1-isopropyl-3,5-dibromosalicydenaminato) zinc(II) (Zn').
To a solution of 3,5-dibromosalicylaldehyde (0.2799 g, 1 mmol) dissolved in methanol (50 mL), DL-valinol (0.1512 g, 1 mmol) was added dropwise and stirred at 313 K for 2 h to give yellow solution of ligand. Zinc(II) acetate dihydrate (0.1098 g, 0.5 mmol) was added to the resulting solution to give orange solution of the complex. After stirring for 4 h, this crude yellow compound was filtered and recrystallized from methanol. Yield 0.2137 g (53.5%). Anal. g, 5.0× 10 -6 mol) or Cu (3.95 × 10 -3 g, 5.0 × 10 -6 mol), or Zn (3.96 × 10 -3 g, 5.0 × 10 -6 mol) and acetone solutions PMMA were mixed and were cast on to a slide glass at room temperature. The corresponding hybrid materials of meso forms,
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Ni'+AZ+PMMA, Cu'+AZ+PMMA and Zn'+AZ+PMMA, were also prepared in similar way. Physical Measurements. Elemental analyses (C, H, N) were carried out with a Perkin-Elmer 2400II CHNS/O analyzer at Tokyo University of Science. Infrared spectra were recorded as KBr on a JASCO FT-IR 4200 plus spectrophotometer equipped with polarizer in the range of 4000-400 cm -1 at 298 K. Absorption spectra were measured on a JASCO V-570 UV/VIS/NIR spectrophotometer or a JASCO V-650 spectrophotometer equipped with polarizer in the range of 800-220 nm at 298 K. Photo-illumination were carried out using a lamp (1.0 mW/cm 2 ) with optical filters (UV λ = 200-400 nm) leading to a sample by using optical fibers and polarizer through optical filters.
Results and Discussion
Linearly polarized UV light induced optical anisotropy.
Assignment of spectral bands was done based on the analogous compounds [2] . However, Zn and Zn' did not exhibit d-d bands because of d 10 configuration of Zn(II) ions (Fig.  1) . Tables 1 and 2 summarized anisotropic parameters (R and S values) for polarized absorption spectra of hybrid materials Ni+AZ+PMMA, Cu+AZ+PMMA, Zn+AZ+PMMA, Ni'+AZ+PMMA, Cu'+AZ+PMMA and Zn'+AZ+PMMA after linearly UV light irradiation. In order for discussion of Weigert effect, the degree of photoinduced optical anisotropy (spectral dichroism) of absorption electronic spectra can be described commonly by these two parameters (R and S): Initial large changes of π-π* band intensity are attributed to cis-trans photoisomerization of AZ. Being focused on common π-π* bands around 318 nm, the R values after linearly polarized UV light irradiation for 10 min are 0.9935, 0.9562, and 0.8673 for chiral materials Cu+AZ+PMMA, Zn+AZ+PMMA, and Ni+AZ+PMMA, respectively. As for the corresponding R values are 1.0051, 0.9466, and 0.9343 for achiral materials Cu'+AZ+PMMA, Zn'+AZ+PMMA, and Ni'+AZ+PMMA, respectively.
In this way, after linearly UV light irradiation, the order of the degree of (increasing of) optical anisotropy is Ni(Ni') > Zn(Zn') > Cu(Cu'), which suggests that flexibility of central metal ions is more important molecular factors than chirality of organic ligand moieties. for Zn, 1638 cm -1 for Ni', 1631 cm -1 for Cu', 1620 cm -1 for Zn'). For example, Fig. 2 depicts angular dependence of C=N band intensity during rotation of a polarizer. Tables 3 and 4 summarized optical anisotropic R and S values of polarized IR spectra of hybrid materials Ni-Zn+AZ+PMMA and Ni'-Zn'+AZ+PMMA after linearly UV light irradiation. Initial change of N=N band feature is attributed to cis-trans photoisomerization of free AZ. The circular diagrams suggest that reorientation of AZ effects on optical anisotropy observed by C=N bands. Moreover, the features of C=N band of complexes are also influenced by the effect of reorientation.
On the other hand, the R values after polarized UV light irradiation for 10 min are 1.2323, 1.2344, 1.2595, 1.1537, 1.2126, and 1.2499 for Ni+AZ+PMMA, Cu+AZ+PMMA, Zn+AZ+PMMA, Zn'+AZ+PMMA, Cu'+AZ+PMMA, and Ni'+AZ+PMMA, respectively. Neglecting the effect due to overlapping spectral bands, the results are in agreement with the results based on electronic spectra essentially. Circularly polarized UV light induced chiral supramolecular arrangement. No change could be observed for CD spectra of Ni'-Zn'+AZ+PMMA before and after non-polarized UV light irradiation for 10 min (not shown), which suggested that, similar to liquid crystalline polymers [23] [24] [25] , differences in CD bands by (linearly-or) circularly-polarized UV light irradiation could be attributed to chirality of the hybrid materials measured mainly. Fig. 3 and 4 depicts CD spectra (and differences) of hybrid materials before and after circularly polarized UV light irradiation. Because of helical molecular arrangement AZ directly induced by UV light irradiation, supramolecular chiral arrangement was also induced for the hybrid materials. Therefore, CD bands (especially intensity in π-π* region of the chiral metal complexes) are changed after circularly UV light irradiation for the hybrid materials. The data of achiral materials in Figs. 4 suggested the emerging CD bands of difference spectra are due to supramoleacular chirality, not molecular chirality.
Optical active complexes are easy to form chiral supramolecular arrangement after circularly polarized UV light irradiation. The order of enhancing CD peaks is Zn+AZ+PMMA (320, little) < Cu+AZ+PMMA (321, -1.4716) < Ni+AZ+PMMA (322, 1.7407) [nm, θ/mdeg] in the chiral materials. On the other hand, the order of enhancing CD peaks is Ni'+AZ+PMMA (316, 0.3319) < Cu'+AZ+PMMA (320, 0.4539) < Zn'+AZ+PMMA (320, 0.7594) and (376, 0.7182) [nm, θ/mdeg] in the achiral ones. By the Weigert effect, the chiral complexes act as a chiral dopants for AZ, forming not a two dimensional order but a chiral (helical) molecular arrangement. 
Conclusions
In summary, the correlation between molecular factors of metal complexes and polarization of light in the supramolecular interactions have been elucidated by comparing appropriate systems associate with chirality of compounds and field. The magnitude of induced optical anisotropy mainly does not depend on diastereomers about ligands but depends on flexibility of central metal ions, while degree of induced supramolecular chirality mainly depends on chilarity of ligands. Consequently, optical active complexes are easy to form chiral supramolecular arrangement after circularly polarized UV light irradiation.
